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Towards Intelligent Early Form Design and Prototyping Questionnaire Results  and 
Analysis 
 
 
Abstract 
 
Currently, the Department of Manufacturing Engineering (DME), University of Malta and the Istitito  per 
la Matematica Applicata e Tecnologie Informatiche (IMATI), Genoa are conducting research on how 
simple components represented by sketches on normal paper can be converted to computer models. One of 
the key issues in developing a sketch recognition system is precisely to handle the trade-off between ease of 
computer recognition and the preservation of sketching freedom.  With an attempt to address this issue, two 
sketching methods (or sketching languages) have been developed by the DME. This report presents the 
results of a questionnaire about the sketching activity itself and also about the two proposed sketching 
languages. An analysis of the results obtained is also presented with the scope to identify what should be 
the future directions that might contribute to enhance the usefulness of the two sketching approaches. 
 
 
Keywords: Sketching activity, sketching languages, CAD tools, conceptual design models, life-Cycle 
consequences 
 
 
1. Introduction 
 
It is well known that the conceptual design stage is of utmost importance as it influences all the 
other product life-phases in terms of performance measures such as cost, time and quality. Yet, 
despite this fact, available commercial Computer Aided Design (CAD) tools are more oriented 
towards the later stages of the design process. Most of all the commercial CAD systems follow the 
WIMP (Window, Icon, Menu, Pointing device) paradigm. Industrial designers thus consider CAD 
tools as too rigid, lacking the fluidity of freehand sketching. In fact, despite the progress and 
sophistication of 3D modelling CAD systems, the traditional paper-based sketching is still the 
most useful and intuitive tool amongst designers for rapid exploration of their early design 
concepts.  
 
At the same time, it is common for designers to alternate between paper-based sketching and 
physical modelling when generating solution concepts since geometric prototypes contribute to an 
improvement of communication between designers and also help to detect errors and weakness of 
the design concept. In addition, in spite of the importance of the early stage of the design process, 
the benefits offered by Rapid Prototype (RP) technology are currently more exploited in the later 
stages of product development, when the detailed design of the product is finished, because it 
requires a precise CAD model. As a result, designers lack tools to support them in rapidly 
generating and evaluating physical prototypes during the conceptual stage of the design process. 
 
Furthermore, since design decisions taken during the conceptual design stage affect dramatically 
all the other product life-phases, designers are under increasing pressure to generate life-oriented 
design solutions. Therefore designers need tools that allow designers to adopt a ‘look-ahead 
strategy’ when generating freehand paper-based sketches, the latter widely used for thought 
externalisation during early design stages.  
 
Obviously, in such tools, the paper-based sketch has first to be robustly recognised to either 
generate the equivalent 3D computer model or to infer problems that may arise during the 
product’s life cycle, termed as Life-Cycle Consequences (LCCs). This is not a trivial task 
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considering that every person sketches in his/her own style. Consequently,  the major research 
challenge in developing a sketch recognition system is to find a compromise between preserving 
the natural way of freehand sketching and at the ease of computer recognition.  Related to this 
issue is the fact that although many drawing standards (such as ANSI, DIN, BS, JIS) have been 
established for detail design drawings, for conceptual sketches no standards have yet been set up, 
thereby making computer sketching support difficult. With an attempt to address this issue, the 
Department of Manufacturing Engineering (DME) is currently developing and evaluating (in 
collaboration with the Istitito  per la Matematica Applicata, Genoa) two sketching methods, these 
being disclosed in the following two sections.  
 
1.1 Sketching Language 1 (SKL1) 
 
In SKL1, only plans of prismatic components (i.e. components with vertical sides) having face 
features (such as bosses, pockets, steps, holes, threads, counterbores and countersunks) are 
supported. A pair of numbers (Z1, Z2) is placed on top of each sketching entity to present depth 
information. The datum is set at the bottom of the component (indicated in Figure 1). The first 
number (Z1) indicates the starting Z value of an entity above the Z-datum, while the second number 
(Z2) represents the absolute ending Z value of the same entity. These numbers can be written in the 
designer's handwriting style. Figure 1, illustrates simple components represented by SKL1 to 
further explain the underlying concept of depth representation employed in this sketching language. 
It is worth noting that the value of Z2 associated with the outermost sketching entity should be the 
same as the value of Z1 of the next entity and so on (see dotted boxes and arrows in Figure 1). 
 
Figure 1 - Examples of components sketched with SKL1. 
 
A selection of the face features which are represented by 'sketching symbols'  is depicted in Table 
1. Standards of detailed drawings such as (BSI and ANSI) were reviewed, with the scope to 
identify familiar symbols representing geometric elements which could be used as sketching 
entities for the sketching language. The standard drawing conventions of the selected features are 
also illustrated in Table 1. For the complete set of plan sketching symbols used in SKL1, the reader 
may refer to Appendix 1. 
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Table 1 - Sketching symbols employed in SKL1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.2 Sketching Language 2 (SKL2) 
 
The underlying concept of this sketching language is explained with the examples illustrated in 
Figure 2. Suppose that the intended component is the one shown in Figure 2(a). The designer has 
first to sketch the plan of the component by using the plan symbols previously employed for SKL1, 
but without the z-values associated with the sketching entities. To represent depth information, 
instead of using the two-digit system utilised in SKL1, in SKL2 the depth information is shown by a 
sectional view passing through all the face features of the component. The sectional view [see 
Figure 2(a)]  of the component under consideration is sketched using sectional sketching symbols, 
examples of which are illustrated in Table 2. (For the complete set of sectional sketching symbols 
used in SKL2, the reader may refer to Appendix 2.) It is worthwhile to point out that: 
 
1. there is no hatching present in the sectional sketching symbols.  
2. The sectional line passing through the face features of the component is omitted in the plan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - Examples of components sketched with SKL2. 
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Table 2 - Sketching symbols employed in SKL1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The same method is used to represent the component shown in Figure 2(b). It is worth noting that 
SKL1 has already been implemented, whereas the second sketching language has till now been 
suggested as an alternative.  
 
1.3 Report Structure  
 
Building upon this introduction, this report is structured as follows. In Section 2, two prototype 
systems (developed by the DME), in which the first sketching language has been employed are  
briefly described. Section 3 explains the approach concept adopted to: 
 
1. investigate the type of sketches used by practising industrial designers, researchers and lay-
users and; 
2. evaluate the two proposed sketching languages. 
 
Section 4 the survey results obtained by the three sample categories mentioned above are 
presented, whereas in the subsequent and last Section, a discussion on the observations made on 
these results is disclosed. 
 
2. Implementation of SKL1 in two prototype systems 
 
The first sketching language, (i.e. SKL1) has been employed in two prototype systems: 
 
1. RAPID – where physical 3D models are generated and; 
2. KiS - where Life-Cycle Consequences are inferred 
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from the equivalent paper-based sketches described via SKL1. These two frameworks are to be 
briefly described in the following sections. Details of these systems are beyond the scope of this 
report. However the reader can refer to [1] and [2] for further details.  
 
2.1 Sketch-Based Rapid Prototyping (RAPID) Framework 
 
In such a system (refer to Figure 3), the important properties of pencil and paper are preserved 
(since a rough drawing can be produced very quickly) and at the same time obtaining a rapid 
prototype of the sketched item. As illustrated in Figure 3, the proposed system comprises the 
following four frames: 
 
1. Freehand Sketching Frame: where the designer represents his/her form component in a 
predefined representation by utilising a specially developed sketching language consisting 
of re-usable sketching entities. 
2. Sketch Image Processing Frame: in which the paper-based sketch image is captured 
(currently by a flatbed scanner) and converted into a suitable digital format in which the 
different form features making up the sketched component are identified. In the long term, 
the paper-based sketch (whose advantage is its portability) can be captured and digitised by 
other devices such as a digital camera or a camera phone.  
3. Virtual 3D Frame: The third frame will map the recognised features list in the digital 
format into appropriate 3D features described in a CAD geometric format to constitute a 
3D virtual model.  
4. Physical 3D Prototyping Frame: Finally, in the last frame the virtual 3D CAD model is 
converted into a physical prototype, either with an RP system or with a CNC milling 
machine. 
Figure 3 – RAPID approach Framework. 
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2.2 Knowledge Intensive Sketching (KiS) Framework 
 
As depicted in Figure 4, the KiS framework consists essentially of three frames. The first two 
frames have already been briefly described in the previous section. The Intelligent Sketch 
Interpretation Frame (ISI) is concerned with inferring LCCs from the output of the SIP frame. The 
geometric data of the component is extracted from which a ‘facts’ file is inputted into a knowledge-
based system, the latter being developed by using wxCLIPS system.  
The system  then asks the user to select the material of the component. Critical distances of the 
component are then defined and analyzed. 
  
Based on these distances, the system indicates to the user the possible unintended Life-Cycle 
Consequences and also proactively provides guidelines how the design of the component can be 
improved.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 – KiS approach Framework. 
 
Before investing further research efforts in developing such system prototypes based on standard 
sketching methods, such as SKL1 and SKL2, these two sketching languages have been evaluated as 
described in the next Section.   
 
3. Evaluation Approach 
 
The survey and the related tasks were as follows: 
 
1. A questionnaire (see Appendix 3) about sketches and the sketching activity in general with 
the scope to investigate amongst other what type of sketches industrial designers and lay-
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users frequently use. The scope of carrying out the survey with the latter type of category is 
to first get indications what type of sketches lay-users usually use and also to investigate 
whether a sketching approach could also be employed for people who are not competent in 
using CAD tools. For this reason, some of the questions in the questionnaire related to 
sketches and the sketching activity  have been altered to suit this category of evaluators. 
Table 3 compares questions oriented towards industrial designers and researchers in the 
mechanical design domain, and questions oriented towards lay-users. 
 
Table 3 – Comparison of questions for design-oriented evaluators and for lay-users. 
 
Design-oriented evaluators Lay-users 
Number of years practicing design Have you ever used a CAD system? 
If you have ever used paper-based sketches during 
conceptual design, please indicate what type of 
sketches do you frequently use. 
 
In the case that you want to communicate a 
3Dobject to your colleague(s) what type of 
sketches do you prefer to use? 
If you have ever used, text/annotations in your 
sketches, please indicate how frequent do you use 
the following types of text/annotations in your 
sketches. 
In the case that you have to show additional 
information in your sketch, what type of 
text/annotations do you prefer to use? (The 
evaluators had to tick the grade of preference.) 
Do you think that in the conceptual design stage a 
physical model which is generated from sketches 
would be useful? 
Do you think it would be useful to have a system 
that is capable to automatically generate a 
physical model from a sketch? 
 
2. Task 1 - in which the evaluators were first asked to freehand sketch a provided component, 
namely, a mould cavity insert (see Figure 5) by using the first proposed sketching language 
and then to answer a few questions (see Appendix 4) based on their impressions of using 
SKL1; 
 
 
Figure 5 – Component to be sketched by evaluators using the two sketching methods. 
 
3. Task 2 - This is similar to task 1, except that the mentioned component is sketched by using 
the second proposed sketching language. The evaluators were also requested to fill in a set 
of short questions (see Appendix 5).   
 
3.1 Sample considered  
 
The sample used in this survey consisted of the following three main categories: 
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• 6 researchers from the Department of Mechanical Engineering, University of Genoa. These 
researchers are mainly involved in the design of specialized equipment, such as robots to 
perform submarine welding operations. This category can be further subdivided as follows: 
- 2 academic staff members; 
- 3 PhD students and; 
- 1 research assistant. 
• 15 designers in industrial firms found in Genoa. This category can be further subdivided as 
follows: 
- 12 designers from Marconi. These designers are mainly involved in the design and 
development of mould tools for producing casing of electronic equipment; 
- 2 designers from Ansaldo. These designers are involved in the design and 
development of nuclear implants; 
-  1 designer from TechniMold. This designer, although he proved to be very 
competent in CAD modeling programs, he still makes use of sketches.  
• 13 researchers from the Istitito  per la Matematica Applicata e Tecnologie Informatichi 
(IMATI), who are mainly involved in research related to feature-based modeling 
programs??. This category can be further sub-divided as follows: 
- 10 PhD students and; 
- 3 Senior researchers. 
The scope of including these researchers in this questionnaire has been cited earlier in this 
report.  
 
In the following section, the results obtained regarding the questionnaire related to the sketching 
activity and type of sketches used by the evaluators in each of the above three categories are 
presented in turn.  
 
4. Results for the questionnaire related to the sketching activity  
 
The results of the most important items constituting the first questionnaire are presented in this 
section.  
 
4.1 Researchers  at the University of Genoa 
 
All six evaluators make use of sketches during the conceptual design stage. The results indicate that 
the researchers mostly use a 2D plan or an oblique projection to externalise their concept with a 
sketch. Very rough sketches (or scribbles), followed by sectional 2D views resulted to be also 
frequently used by the interviewees. On the other hand, pictorial representations including 
isometric, perspective, and 3D sectional views resulted to be less popular. Since currently the 
determination of the type of sketches commonly used by designers, is more important than the type 
of text/annotations commonly used in a sketch, the question related to the latter issue has been left 
unanalysed. However, the data collected from this question will be used later on when further 
developing the most suitable candidate sketching language. This criteria has also been exercised for 
the other two categories of evaluators. (Still to make a deeper analysis with histograms as agreed!)  
 
The results obtained to the question “In the case that you are presented with a stylus or graphics 
tablet or PDA, to make your sketches, would you consider using this medium instead of the 
traditional pencil and paper?” are  illustrated pictorially in Figure 6.  
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Do you prefer to use a stylus or graphics tablet 
instead of paper during the sketching activity?
33%
50%
17%
2 Yes
3 Not sure
1 No
 
Figure 6 – Paper-based vs. electronic sketching.  
 
The reasons reported by the evaluator s relevant to question 3 are illustrated Table 4. (Note that the 
numbers in the brackets in this Table indicate the number of evaluators. This applies for the 
subsequent Tables in which the reasons for the questions are listed.) 
 
Table 4 – Reasons reported by evaluators for question 3. 
 
Yes Not sure No 
(2) The designers are of the 
opinion that the use of a 
graphics tablet and stylus will 
contribute towards the 
electronic storage of sketches 
which might serve for future 
reference.  
(1) It may be more 
complicated to use than 
traditional paper; 
(2) The researcher will use the 
graphics tablet and stylus, 
provided it is very similar to 
paper.  
(1) The researcher thinks 
that the graphics tablet and 
stylus hinders the quickness 
offered by the traditional 
paper-based sketching.  
 
All six researchers have experienced the need to verbally explain a sketch which has not been 
readily understood by their colleagues. The reason selected by all the evaluators was that “Due to 
the spontaneity of sketching, I sometimes lack details in a sketch (e.g. hidden lines representing 
hidden features).”Since multiple answers were possible, there was one evaluator who also indicated 
that another reason for this circumstance was attributed to the fact that his drawing skill was 
limited.  
 
To the question “Instead of your usual manner of sketching, would you accept a standard method 
(e.g. a sketching language) by which a component can be represented with a sketch?” 50% of the 
researchers answered “yes”, whereas the other 50% replied “not sure.” The reasons reported by the 
interviewees for their answer are shown in Table 5.  
 
Table 5 – Reasons listed by evaluators for question 5(a). 
 
Yes Not sure 
(1) A standard is always important in all 
applications; 
(2) May be useful and the product development 
process will be faster. 
(1) The researcher has the opinion  that it might 
be useful, but he thinks that a sketching method 
will be difficult to be adapted by its users; 
(2) It’s a matter of the drawing speed; if the 
language works better, the researcher will use it. 
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83.3% of the researchers consider a physical prototype from paper-based sketches as useful during 
conceptual design, whereas 16.7% (i.e. one researcher) was not sure. This researcher pointed out the 
production of physical prototypes can be very costly. The major reason selected by the evaluators 
was that “a  model helps the designer to detect any weakness in the concept that may not be easily 
detected by a simple sketch.” The second most selected reason was that “a model helps the designer 
to discuss the concept with other design team members better than a sketch.” 
 
4.2 Researchers at IMATI 
 
From the results obtained, researchers at the IMATI prefer to use pictorial projections to externalise 
their intent with a sketch.   Results indicate that the most preferred sketch by these researchers was 
the oblique projection followed by the isometric projection. With regards to 2D sketches, the 
evaluators in this category prefer to use most more than one view, followed by 2D sectional views. 
(Still to make a deeper analysis with histograms as agreed!)   
  
61.5% of the evaluators prefer to use a graphics tablet and stylus or PDA instead of the traditional 
medium for sketching, while the other 39.5 % are not sure. The reasons reported by the evaluators 
are presented in Table 6. 
 
Table 6 – Reasons listed by evaluators for question 5(a). 
 
Yes Not sure 
(1) No reason at all; 
(2) The researcher sees no difference between the 
traditional medium and stylus and graphics tablet; 
(1) The researcher points out that a graphics tablet 
and stylus is easier to use than the mouse and 
keyboard; 
(1) The researcher uses the graphics tablet and stylus, 
only if paper is not available; 
(1) It’s faster to use than traditional paper sketching; 
(1) The researcher point out that a graphics tablet and 
stylus enable him to modify desired parts of the 
sketch without affecting the rest of the sketch; 
(1) The researcher prefers a graphics tablet and stylus 
since it allows him to edit the sketch easier than the 
traditional paper sketching. 
 
(1)  No reason at all; 
  (1) The researcher points out that she has to 
use the apparatus to make an adjudication; 
(1) The researcher prefers a graphics tablet 
and stylus since it allows him to obtain a 
clearer and more concise sketch; 
(1) The researcher would use such apparatus 
provided that it offers the fluidity of pencil 
and paper sketching; 
(1) The researcher would use such apparatus 
since it provides immediate interaction with 
a CAD system, with the condition that this 
apparatus is available anytime and 
everywhere.  
 
92.3% of the interviewees had to verbally explain their sketch which has not been readily 
understood by their colleagues. 7.7% (or one evaluator) reported that he never sketched. Most 
evaluators attributed this experience to the fact that there drawing skill is limited, followed by the 
second reason that due to the spontaneity of  sketching they sometimes lack details.  
 
76.9% of the evaluators in this category would accept to use a sketching language that allows them 
to represent their intended component on a paper sketch from which a 3D physical model can be 
automatically generated. 23.1% replied that they are not sure to use such a standard method of 
sketching. The reasons reported by the evaluators are illustrated in Table 7.  
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Table 7 – Reasons listed by evaluators for question 5(a). 
 
Yes Not sure 
(3) It will aid in enhancing communication and share-
ability of the sketch; 
(2) The researcher is limited in her drawing ability; 
(1) It provides a “standard” way to express my idea and 
also it allows easier conversion of the model on a 
computer; 
(1) It is impossible to obtain an automatic method which 
constructs 3D models from a generic sketch; 
(2) According to the researcher, to have a 3D computer 
model from a paper-based sketch saves time; 
(1) The effort in representing the intended component in 
a predefined method will be worthwhile. 
 
     (1) No reason at all; 
(1) The researcher accepts such method 
of sketching, provided that it allows her 
to externalize exactly the intended 
conceptual solution; 
(1) The researcher point out that he is 
not able to express all what he has in 
mind. 
 
 
69.23% of the IMATI personnel involved in the questionnaire consider a physical prototype from 
paper-based sketches as useful whereas 33.77% were not sure. The reasons reported by the 
evaluators are illustrated in Table 8. 
 
Table 8 – Reasons listed by evaluators for question 5(b). 
 
Yes Not sure 
(1) No reason at all; 
(1)It would highlight possible weaknesses of the 
spontaneous idea; 
(4) It would reduce the time-to-market of the product; 
(2)It would improve the comprehension of the sketch; 
(1) The user would be able to physically evaluate the 
result of the sketch. 
 
(4) No reason at all. 
 
 
4.3 Designers in industry 
 
5. Evaluation results related to SKL1 
 
In this section, the evaluation results related to SKL1 are presented for each category of the survey 
sample.  
 
5.1 Researchers at the University of Genoa 
 
With regards to the question 1(a) whose aim was to test the ease of understanding of the SKL1 
concept, the results obtained are illustrated pictorially in Figure 7. 50% of the researchers consider 
the user-friendliness of SKL1 as good whereas the other 50% rate it as average. One evaluator 
replied “Definitely yes” to the question “Would you prefer to use a library of standard sketching 
symbols instead of your usual style of representing such features in your sketch, if this gives you the 
possibility to obtain a 3D physical model?”, while the other five evaluators replied “Probably yes.” 
Towards Intelligent Early Form Design and Prototyping  
Questionnaire Results and Analysis 
 
_______________________________________________________________________________________________ 
 
Internal Technical Report 13/12/02   13
How easy it was for you to understand the concept of 
SKL1?
33%
17%17%
33% 2 Very simple 
1 Simple
1 Average
2 Difficult
 
Figure 7 – Ease of understanding of  SKL1. 
 
33.3% of the evaluators replied that they will definitely learn SKL1 as a standard method of 
sketching, whereas 66.7% replied that they will probably do so. The reasons reported by the 
researchers for their answers are shown in Table 6. 
 
Table 6 – Reasons listed by evaluators for question 3(i).  
 
Definitely Yes Probably yes 
(1) May be useful 
(1) Very easy to use 
(3) It could contribute to represent your 
sketches quicker; 
(1) Depends how fast the system is. 
 
Only one researcher will definitely adopt SKL1, whereas the other 5 researchers replied that they 
will probably do so. The reasons reported by the researchers for their answers are listed in Table 7. 
 
Table 7 – Reasons reported by evaluators for question 3(ii). 
 
Definitely Yes Probably yes 
 (1) Very easy to use (3) It could contribute to represent your 
sketches quicker; 
(1) May be useful; 
(1) Depends how fast the system is. 
 
5.2 Researchers at IMATI 
 
The results for the first question, i.e. “How easy it was for you to understand the concept of this 
sketching language?” are illustrated pictorially in Figure 8. 53.85% consider the user-friendliness 
of SKL1 as good whereas the other 46.15% consider it as average. Figures 9-11 illustrates 
pictorially the results related to the questions shown in the respective Figures.  The reasons reported  
by the IMATI researchers related to the two questions which asks the evaluators whether they are 
willing to learn and adopt SKL1, are listed in Tables 8 and 9 respectively.  
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How easy it was for you to understand the 
concept of SKL1? 
15%
46%
31%
8%
2 Very easy
6 Easy
4 Average
1 Difficult
 
Figure 8 - Ease of understanding of  SKL1 by IMATI researchers. 
 
Would you prefer to use a library of standard 
sketching symbols instead of your usual style of 
representing such features in your sketch, if this gives 
you the possibility to obtain a 3D physical model? 
38%
46%
8% 8% 5 Definitely yes
6 Probably yes
1 Probably no
1 Don't know
 
Figure 9 – Acceptance of IMATI researchers to use the sketching symbols employed in SKL1. 
 
Would you consider to learn SKL1 as a standard 
sketching method?
31%
53%
8% 8% 4 Definitely yes
7 Probably yes
1 Probably no
1 Don't know
 
Figure 10 – Willingness of the IMATI researchers to learn SKL1. 
 
 
 
 
 
 
 
Towards Intelligent Early Form Design and Prototyping  
Questionnaire Results and Analysis 
 
_______________________________________________________________________________________________ 
 
Internal Technical Report 13/12/02   15
Table 8 – Reasons reported by IMATI evaluators for question 3(i). 
 
Definitely Yes Probably yes Probably no Don’t know 
(1) The 
researcher is 
willing to learn 
the proposed 
sketching 
symbols; 
(2)It is simple to 
use; 
(1) It is quite 
easy to learn. 
(2)No reason at all; 
(1)The researcher is willing to learn it, 
provided it works well. Should it be fully 
developed, SKL1 should safe time; 
(1)The researcher has to compare this 
sketching method with her usual sketching 
style; 
(1) The fact that it is standard and simple 
to use; 
(1)Useful for simple models; 
(1)A standard sketching method could 
help to eliminate the subjectivity 
associated with the sketches. 
(1) The 
researcher 
works in an 
application 
field not 
related to the 
sketching 
language. 
(1) The 
researcher is 
not sure if 
SKL1 meets 
her needs. 
 
Figure 11 – Willingness of the IMATI researchers to adopt SKL1. 
 
 
Table 9 – Reasons reported by IMATI evaluators for question 3(ii). 
 
Definitely Yes Probably yes Probably no Don’t know 
(1) It is useful; 
(1) The 
researcher is 
willing to learn 
the proposed 
sketching 
symbols. 
(2) No reason at all; 
(1)A standard sketching method could 
help to eliminate the subjectivity 
associated with the sketches. 
(3) It is easy to use, though the researcher 
points out that this language is limited to 
simple components; 
(1) It would be useful. 
(1) No reason 
at all; 
(1) The 
researcher 
works in an 
application 
field not 
related to the 
sketching 
language. 
(1) No reason 
at all; 
(1) The 
researcher 
works in an 
application 
field not 
related to the 
sketching 
language. 
 
 
5.3 Designers in industry 
 
Would you consider to adopt SKL1 as a standrd 
sketching method?
15%
55%
15%
15% 2 Definitely yes
7 Probably yes
2 Probably no
2 Don't know
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6. Evaluation results related to SKL2 
 
The layout of this section is very similar to the previous section; in this section, the evaluation 
results related to SKL2 are presented for each category of the survey sample. 
 
6.1 Researchers  at the University of Genoa 
 
The results of question 1(a) which was “How easy it was for you to understand the concept of 
SKL2?”  are illustrated pictorially in Figure 8. Similarly, the results obtained for question 1(b) are 
depicted pictorially in Figure 9. 50% of the researchers replied “Probably yes” to the question 
“Would you prefer to use a library of standard sketching symbols instead of your usual style of 
representing such features in your sketch?”, while the other 50% replied “Probably not.” 
 
How easy it was for you to understand the 
concept of SKL2?
33%
33%
17%
17% 2 Very easy
2 Easy
1 Average 
1 Difficult
 
Figure 8 – Ease of understanding of  SKL2 by UOG researchers. 
 
One of the evaluators replied that he will definitely learn SKL2 as a standard method of sketching, 
two replied that they will probably do so, whereas 3 researchers replied that they will not probably 
learn SKL2 as a standard method of sketching. The reasons reported by the researchers for their 
answers are shown in Table 8. 
 
How would you rate SKL2 in terms of its user-
friendliness?
50%
33%
17%
3 Good
2 Average
1 Poor
 
Figure 9 – Rate of user-friendliness of SKL2 by UOG researchers. 
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Table 8 – Reasons reported by evaluators for question 3(i).  
 
Definitely yes Probably yes Probably no 
(1) It looks useful and similar to 
freehand sketching 
(1) It looks more convenient and 
easy-to-use; 
(1) The researcher is willing to 
learn it provided it will make his 
job faster. 
(1) Usually, I sketch 3D views 
and not 2D; 
(1) No reason at all; 
(1) It is not user-friendly. 
 
As indicated in Figure 10, 50% of the researchers will probably adopt SKL2 as the standard method 
of sketching, 33% will probably not adopt it whereas 17% (or one researcher) will definitely not 
adopt SKL2. The reasons reported by the researchers for their answers are shown in Table 9. 
Would you consider to adopt SKL2 as a standard 
sketching method?
50%
33%
17%
3 Probably yes
2 Probably no
1 Definitely no
 
Figure 10 – Willingness of UOG researchers to adopt SKL2. 
 
Table 9 – Reasons reported by evaluators for question 3(i). 
 
Probably yes Probably no Definitely no 
(1) The researcher is willing to 
learn it provided it will make his 
job faster. 
(1) It might be of help to the 
designer in the early design 
stages.  
(1) It looks useful and similar to 
hand sketching. 
(1) The designer is more willing to 
use a sketching language which 
consists of a combination of 3D 
sketches and symbols.  
(1) This language does not employ 
standard sectional symbols as those 
applied in detail drawings. 
(1) Too much information has 
to be given just for a simple 
component.  
 
With regards to the last question which was “Which sketching language do you prefer to use (if 
any)?”, 50% of the researchers chose SKL1, while the other 50% opted for SKL2. The reasons 
reported by the researchers for their answers are indicated in Table 10. 
 
Table 10 – Reasons reported by evaluators for question 4.  
 
Reasons for choosing SKL1 Reasons for choosing SKL2 
(1) More simple and effective. SKL2 requires too 
much drawing and to remember a lot of standards; 
(1) Easier to use;. 
(1) Since it is a numeric language it is closer to the 
computer. 
(1) It’s more similar to conventional sketches - 
SKL1 uses numbers; 
(1) It looks more clear; 
(1) It looks easier and allows more complex models 
to be realized. 
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6.2 Researchers at IMATI 
 
In this section, all the results obtained for the evaluation questions about SKL2 are shown 
pictorially in Figures 9-12. The reasons reported by the IMATI researchers related to the two 
questions which ask the evaluators whether they are willing to learn and adopt SKL2, are listed in 
Tables 8 and 9 respectively; the reasons regarding the question which asks the evaluators to indicate 
which language they prefer to use are shown in Table 14.  
How easy it was for you to understand the 
concept of SKL2?
46%
31%
23%
6 Simple
4 Average
3 Difficult
 
Figure 9 – Ease of understanding of  SKL2 by IMATI researchers. 
 
How would you rate SKL2 in terms of its user-
friendliness?
38%
47%
15%
5 Good
6 Average
2 Poor
 
Figure 10 – Rate of user-friendliness of SKL2 by IMATI researchers. 
 
Would you prefer to use a library of standard 
sketching symbols instead of your usual style of 
representing such features in your sketch, if this 
gives you the possibility to obtain a 3D physical 
model? 
31%
54%
15%
4 Definitely yes
7 Probably yes
2 Probably not
 
Figure 11 – Acceptance of IMATI researchers to use the sketching symbols employed in SKL2. 
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Would you consider to learn SKL2 as a standard 
sketching method?
31%
53%
8% 8% 4 Definitely yes
7 Probably yes
1 Probably no
1 Don't know
 
Figure 12 – Willingness of the IMATI researchers to learn SKL2. 
 
Table 12 – Reasons reported by IMATI evaluators for question 3(i). 
 
Definitely Yes Probably yes Probably no Don’t know 
(1)No reason at all; 
(1)It looks useful; 
(1) To be able to 
have a system 
which is capable to 
recognize easily 
your sketches; 
(1)The researcher is 
willing to learn the 
proposed sketching 
symbols. 
(1)No reason at all; 
(2)It is important to learn a standard 
sketching format; 
(1)The researcher needs to compare if with 
a sketching language, she will obtain faster 
and better results; 
(1)The information about the component is 
more complete than with SKL1; 
(1)A standard sketching method could help 
to eliminate the subjectivity associated with 
the sketches; 
(1)Would be useful to communicate your 
concepts to your colleagues. 
(1) No reason at 
all. 
(1)No reason at 
all. 
 
Would you consider to adopt SKL2 as a standard 
sketching method?
23%
39%
23%
15% 3 Definitely yes
5 Probably yes
3 Probably no
2 Don't know
 
Figure 14 – Willingness of the IMATI researchers to adopt SKL2. 
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Table 13 – Reasons reported by IMATI evaluators for question 3(ii). 
 
Definitely Yes Probably yes Probably no Don’t know 
(1) It is useful to 
have a standard in 
order to improve 
the understanding 
when exchanging 
of ideas; 
(1) It is useful; 
(1)The researcher is 
willing to learn the 
proposed sketching 
symbols; 
(2) No reason at all; 
(1)It is useful to have a standard in order to 
explain your draft ideas to your colleagues; 
(1)A standard sketching method could help 
to eliminate the subjectivity associated with 
the sketches; 
(1) Simpler and the information about the 
component is more complete than with 
SKL1. 
(1)No reason at 
all;  
(2) Not very 
intuitive. The 
researcher 
suggested that the 
language should 
support also 
editing gestures. 
(1)No reason at 
all; 
(1) It depends 
whether the 
researcher can 
achieve more 
quickly a 3D 
model with the 
same quality and 
with very few 
adjustments to 
obtain the 
intended 
component. 
 
Preference of using SKL1, SKL2 or both
39%
38%
23%
5 SKL1
5 SKL2
3 Both
 
Figure 15 – Preference of using SKL1, SKL2 or both by the IMATI researchers. 
 
Table 14 – Reasons reported by IMATI evaluators for question 4. 
 
Reasons for choosing SKL1 Reasons for choosing SKL2 Reasons for choosing both 
(3) It seems more intuitive and 
simple, especially for complex 
parts; 
(1) It allows the researcher to 
specify more exact depth details; 
(1) SKL2 is less clear. 
(1) It allows the sketching of 
more complex parts than SKL1; 
(1) It’s more intuitive and it 
seems less ambiguous. The 
researcher suspects that SKL1 
becomes ambiguous for complex 
shapes; 
 (2) SKL2 does not make use of 
numbers; 
 (1) It is simpler to understand 
than SKL1. 
(1) SKL1 for communicating 
quickly my concepts whereas 
SKL2 is more convenient to 
obtain 3D physical models from 
paper-based sketches; 
(1) The use depends on the 
drawing skill level of the user 
and also on the application; 
(1) They contain different kind of 
information. It depends on the 
effectiveness required for the 
description. 
 
6.3 Designers in industry 
 
Towards Intelligent Early Form Design and Prototyping  
Questionnaire Results and Analysis 
 
_______________________________________________________________________________________________ 
 
Internal Technical Report 13/12/02   21
 
7. Discussion 
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